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In this research, both theoretical and experimental approaches are employed to 
investigate an injection locked wireless communication system. The research covers 
the study of injection locked regenerative mixing, active antenna and active antenna 
transceiver system. 
Two analytical tools are employed: (i)Extended FDTD method to analyse the 
active antenna and active antenna transceiver; (ii)Transient Analysis to analyse the 
regenerative mixer. The theory of active antenna, injection locking and active mixing 
are studied. Experimental techniques are applied to each design. Finally，the 
performance of each system is evaluated using the aforementioned analytical tools, 
and design rules are developed. 
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Chapter 1: Introduction 
Rapid growth in wireless communication in the world forces the market to 
accept a wide variety of systems, such as GSM, PHS，PCS, CDMA, etc. New 
‘ techniques and protocols were implemented within these systems to ensure the 
coverage of the target service area with a high quality of service and large capacity. 
These systems are however facing common problems now, (i) increasing interference 
from each other (ii) increasing data impairment due to higher and higher data rate 
requirement, (iii) increasing blockage due to increasing numbers of subscribers. 
This increase in frequency introduces technical difficulties to the frequency 
synthesis process. In the past, most of the system, whether it is digital or analogue, 
uses PLL (Phase Lock Loop) to synthesize carrier or local oscillation signaL The most 
advanced PLL available in the market works up to 2.4 GHz. However, for the 5 GHz 
ISM band in United States, a PLL operating there is hard to find. This can however be 
achieved using sub-harmonic injection locking techniques. For a one-half sub-
harmonic injection system, we can use a signal source of only half of the operating 
frequency. 
As the number of user increase, there is a need to increase the data through put 
of the system. This however causes the system to experience major difficulty in a 
multi-path environment. In urban area, a signal will pass through different paths 
before it is picked up by the receiver. The first signal that arrived will be interfered by 
the same signal several hundreds of nano seconds later. Several hundreds of nano 
seconds is a very long time interval for nowadays high-speed communication system. 
To address these problems, many new techniques have been developed, and 
injection locking is one of them that have some unique applications. 
6 
The following are four examples of injection locked communication system, 
and why this technique is usefUl. 
RFID/Automatic Tolling 
Existing toll polling systems operate at in frequency band below 500 MHz. 
The beam width of the system is wide. With this wide beam, the coverage of the 
antenna often includes multiple object(s), that may cause interference to other vehicle 
and may probably give false readings. 
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Using the injection-locked antenna array, a narrow beam can be formed which 
is then steered to the target object. With modest increase in circuit complexity and 
computation power, the beam can track the vehicle while it is in line-of-sight. This 
will increase the "dwell" time of he system, an important parameter that allows more 
interaction between system and vehicle. 
7 
5 GHz ISM Band Device 
The third ISM band is at 5GHz. Products surrounding this frequency band are 
just coming out. Injection-locked oscillator can be used in the 5 GHz ISM band 
device by utilizing sub-harmonics locking method. The injection source thus operates 
at a frequency that can be phase locked by a PLL that is stable at that frequency. 
High power device 
In existing systems, high power output is usually achieved by cascading 
several stages of amplifiers. The drawback of such amplification method is the 
relatively low efficiency of each stage of the amplifier. Since the efficiency of general 
amplifier/buffer is around 40%, a lot of power is dissipated to each stage. 
B ^ - - ^ ^ ^ - ^ ^ 1 ^ ^ ^ f t 
40% 40% 40% 40% 
Using injection locked and quasi-optical spatial power combining techniques, 
the master oscillator injection locked a larger number of active oscillating patch 
antennas, which then radiate coherently to form a strong beam ofenergy. 
^r-r^ "^«4 ¢) '^*-~-T?i^  4- � ’ � Patch Antennae ^ .. 1 e . r» 
p- W=5^^i^^-^W--^^^m^f^ ^^ty^^^t^� X'"^ ''"^ ^ 
1^  Spati^ Power Combining "j h ^ ^ ^ M 
^^^^^^^^^m ,，『一 ' , " . ^ j ^ ^ p 
释、:/、’-厂邏 I^HBP^  
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DSS multi-path problem 
The bottleneck of a high-speed system is the radio channel. For example, a 
user is standing between buildings as shown below. The multi-path signal from the 
transmitter will arrive at the user at different times. This time delay will produce 
destructive interference, resulting in data lost. However, if an injection locked analog 
beam forming smart antenna is used, the device can choose the best path by 
determining which signal has the greatest power. 
H R H D 
H H H H _ 
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^ ^ \ _ 域 
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Injection locking techniques are thus fmding many applications in modem 
wireless communications for the above reasons. In this thesis, circuits, transceivers 
and system using injection locked techniques are studied, fabricated and tested. 
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Active antenna used in this thesis is one method that can achieve the compact 
size and good performance in wireless systems. Regenerative mixing is another 
technique that achieves compact size requirement. The regenerative mixer in this 
thesis is a modified version ofColpitts oscillator with injection lock capability and the 
regenerative effect is achieved by adding positive feedback. 
In this thesis, three circuits are investigated. In chapter 3, an injection locked 
mixer is investigated The injection locked mixer is operated a conversion gain of 30 
dB. The component count is low and the circuit 
has only one transistor. ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ B B ^ ^ ^ ^ f c J j j * 
In chapter 4, an active transceiver was ^ ^ ^ ^ ^ ^ H ^ f l ^ ^ ^ ^ ^ ^ ^ | l 
built. The active transceiver consists of a slotted ^ ^ H H H U 
patch antenna connected to an injection-locked ^ ^ ^ | n ^ H H H i ^ ^ ^ ^ H 
oscillator and a FET connected opposite to ^ ^ H ^ ^ ^ ^ H 
oscillator. The characteristics of the antenna are ^ ^ K | H | F g S m j j j ^ ^ ^ ^ ^ | 
^ ^ ^ ^ ^ ^ ^ ^ ^ 1 ^ ^ ^ ^ ^ ^ ^ ^ ^ H 
In chapter 5, an injection locked system is built using components available in 
market. The whole system with VCO, PLL synthesizer, IF Demodulator, active 
antenna transceiver were connected together and tested. 
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Chapter 2: Background and Theories 
2.7 Background History 
Injection locked technique is a well-known non-linear property of the 
‘ oscillator. Its' theory and related topics have been discussed by many authors. It 
makes oscillator perform other than just signal generation. 
The idea of using injection-locking technique in communication system dates 
back to the use of injection-locking oscillator in active antenna arrays for active 
power combining. As early as 1968, an idea was introduced which used a single low-
power solid-state source that could be amplified at each antenna input for power-
combining. Later on Staiman et aL [1] introduced the new power-combining scheme 
which used a corporate network to feed solid state amplifiers and an array of dipole. 
This idea of using amplifier is then replaced by using injection-locked oscillator by 
AI-Ani et al. [2] at 1974. All of the sources are externally synchronized to a single 
master oscillator to ensure high power output, this kind of spatial power combining 
also contributed to the prototype of analogue beam-steering antenna arrays. 
First substantial qualitative analysis of injection locking technique is made by 
K. Kurokawa [3]. The equations derived by K. Kurokawa well describing the phase 
shift and locking bandwidth of the injection-locked oscillator. Making use of these 
equations, injection-locking technique was applied to analogue active antenna beam 
steering, sub-harmonic injection locking. 
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2.2 Circuit Theories 
The design of high frequency nonlinear circuit is a difficult task for most of 
the RF circuit designers today. Accurate models for nonlinear devices are difficult to 
, find. Ideally such models should describe device behavior over a wide range of 
conditions, at different frequencies and supply voltage levels. Nonlinear circuits can 
behave in many different ways, some of which are not obvious or intuitive. Of course 
traditional analytical methods for linear circuit failed to give an understanding of the 
nonlinear circuit. 
The usual method of analysing a non-linear circuit is to split the circuit into 
discrete elements. Each element is bound by node and there are currents through the 
components and voltages across the nodes. There are linear elements and non-linear 
elements, where the linearity refers to the relationship between those currents and 
voltages. Using those nodes, currents and voltages, we can set up a Nodal Analysis to 
f the circuit. 
In physical circuits, each physical device such as transistor, resistor, capacitor 
and microstrip line has its terminals joined in a certain configuration to perform a 
desired function. In classical circuit theory, Kirchhoff's laws are employed to 
formulate equations for discrete circuits. Those equations that define circuit elements 
involve branch voltage and currents and, for this reason, are known as branch 
equations. The analysis of a circuit involves KCL and KVL and the solution of the 
resulting systems of equation. 
Suppose that the branch equations of all elements in a circuit cam be 
expressed as 
i(t) = f{v{t),t) (2.2.1) 
where i(t) is the current through the device, v(t) is the terminal voltage. 
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This restriction excludes all (independent and controlled) voltage sources. In 
fact, independent current sources and voltage-controlled current sources are the only 
kinds of sources that are described by Equation (2.2.1). Recall that a circuit with no 
distributed element can be described by Kirchoff's current law ( i.e. suppose zero 
connection length and no delay function XD(t)) 
/(v, t) = i(v(t) + y q(v(t)) + p(t 一 t)v{t)dt + u{t) (2.2.2) 
似 -00 
t 
The Jy(t - t)v{t)dt term corresponds to those distributed device or 
—00 
devices with delay or memory effect. 
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2J Electromagnetic Wave Theories 
2.3.1 Finite Difference Time Domain Method 
In a region of space that has no electric or magnetic current source, but may 
have materials that absorb electric or magnetic field energy. The time dependent 
Maxwell's equation are given in differential form by 
^ = - V x i - 7 ^ a m 
(2.3.1.1) 
^ = VxH-J, a e 
(2.3.1.2) 
v 5 = o 
(2.3.1.3) 
v i = o 
(2.3.1.4) 
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B，H, D and E can be related as follow: 
B = juH 
... (2.3.1.5) 
• —^ - * -D = sE ... (2.3.1.6) 
—• ^ —• Jm=crH 
where ... (2.3.1.7) 
Je=^E 
... (2.3.1.8) 
o* is an equivalent magnetic resistively in ohm per meter and a is the electric 
conductivity in siemens per meter. 
We can combine th€ above three set of equations to yield two set scalar 
equations in rectangular coordinate system (x,y,z): 
^ = _ _ f ^ _ ^ _ ^ n l … （2.3.1.9) 
^ jd \ dz d^ 乂 
^ = J ^ _ ^ _ ^ 1 ... (2.3.1.10) 
di 8\ d^ dz. / 
The other four equations is similar to the above two but have different direction only 
and it not shown here. 
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2.3.1.1 The Yee's Algorithm 
In 1996，Kane Yee [4] originated a set of finite difference equations for the 
time dependent Maxwell's curl equations system for the lossless materials case cr*=0 
and o =0 [1]. His algorithm is illustrated below: 
Ey 
Ex 7 V , < ^ ^ 
.^^^m — • • 一 一 «^|C 謝 • • 一 • j^^jT 
y ^ , , ¾ ^ ^ E x f ^ — ( ^ — r ! 
I Ey I 1 i ” � E z 
； . ^ z 
L Z 丨 Hy A 
_ • • 一 — • ^j^wLm — • — — • _ • , * Ez > � Hx , > < ! ^ X 'Fig. 2.1 Ez . _ y ^ i V ^ 
i< l ^ x 
Ey 
The Yee's algorithm solves for both electric and magnetic fields in time and 
space using the coupled Maxwell's curl equations rather than solving for the eiectric 
filed alone (or the magnetic field alone) with a wave equation. 
As illustrated in Fig.l，the Yee algorithm centers its E and H components in three-
dimensional space so that every H component is surrounded by four circulated E 
components, and every E component is surrounded by four circulated H components 
Substituting the time and space derivatives at time step n and lattice point (i,j,k) to the 
two scalar equations, (2.4a) and (2.4b)，we get: 
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丨 ^ / y . A n Af � 
u "+ 一 " / • j k u “ - . M j k 
” ” = ^ a ^ j , A t ” " , , ] , A f 
. 、 M i j k 1 ( ^ i j k ) ( 2 . 5 a ) 
/ n n n n \ 
i j k+ i i k- i j + k 一 i j - k 
Az Ay 
\ / 
‘_^njM\ J t _ � 
p n+ 一 ^/ j k E "~ . ^' j ^ 
…广,o-/y.Af xi" ,�.kAt 
� "/ i k ) 1 …J /c ) (2.5b) / n+ n+ n+ n+ 
i j + k - /• j - k i j k+ i j k -
Ay Az 
\ 
23,1.2 Faraday's and Ampere's Laws in Integral Form 
Ey(ij,+l/2,k+U2j^^,^^ ^^ 
t f / 
I � / C1 
Az � “Ez(i，j,+l，k) / / 
1 H,(i,j,+l/2,k) / / 
H y ( I - l ^ ^ ‘ / Ax j � i， j , k ) ~ ~ ‘ ^ ^ 
^ y ^ - ” -1- • . - - -^^^^y( i+ i /2 j , ,k ) 
—^= 1 • 
丨 E^i,j,-"2,k) 
! L ^ ) 
Ey(i,j,+l/2,k-l/2) 
Fig. 2.2 Corresponding location of the elements 
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Hy(i,j,+l/2,k+l/2) ^^ ^^ ^^ ^ ^ ^ ^ 
i / S2 … 
- I / C2 
Az 1 � h H A j , + l , k / / 
\ Ex(i，j，+l/2，k) / / / 
^ivm^^yf Ax i “耐 ) ~ ~‘ x ^ 
^y^--- --f-——^ ™^XEXi+l/2J„k) 
I E,(i,j,-l/2,k) 
i L ^ ) 
Hy(i,j,+1/2,k-1/2) 
Fig. 2.3 Corresponding location of the elements 
Applying Ampere's Law along the contour Ci in Fig�2.2，and assuming that 
the field value at a midpoint of one side of the contour equals the average value of 
that field component along that side, we obtain 
— CD'dS = fH'dl (2.6a) 
^i i 
E/.:=E/..^JHT -HT \ t � A y + Z / J k 1 I 1 k \ X I y_ k X I J+ k / ° ‘ \ z (2.6b) 
/ . . n+ n+ H^ -Hv At s.Ax 
\ y ' • + j k y i- j k) � 
In the same manner, we can apply the Faraday's law along contours C2, in Fig. 2.3 
^JB'dS =-^Edl (2.7a) 
H, " \ = H , " " + f E / . - E / . \t //,Ay + 
z I J k 1 I J k \ X I J+ k X I J- k j 广。^ (2.7b) 
r- n - n Ey . . ^ — E . ^ At JU^AX 
y I - J k y 1+ J k / r 。 
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2.3.1.3 Stability Condition 
To guarantee numerical stability for the arbitrary spatial mode, the range of At 
should satisfy the following condition: 
• M ^ ~ j = = = (2.8a) 
cJ + + 
y Ax Ay Az 
if Ax = Ay = Az = A，（3.1a) reduce to: 
A 
At ^ f = = ~~r (2.8b) c^ c^ + + c.—— 
V A A A VA 
2.3.1.4 Perfectly Matched Layer: 
A basic consideration with the FD-TD approach to solving electromagnetic 
wave interaction problems is that many geometries of interest are defined in “open” 
regions where the spatial domain of the computed field is unbounded in one or more 
coordinate direction. As no computer can store unlimited amount of data, the field 
computation domain must be limited in size. The computation domain must be large 
enough to enclose the structure of interest, and a suitable absorbing boundary 
condition (ABC) on the outer perimeter of the domain must be used to simulated its 
extension to infinity. Mur's first and second order ABC [5] was released in 1981. 
Later, Perfectly Matched Layer by Berenger [6] is released to improve the 
performance of the absorbing boundary condition. It states that when the following 
condition is satisfied: 
cr cr , � 
(2.9) 
^0 Mo 
The wave impedance of the lossy free-space medium equals that of lossless vacuum, 
and no reflection occurs when a plane wave propagates normally across an interface 
between true vacuum and the lossy free-space medium. 19 
In the PML medium, each of components of the electromagnetic field is split 
into two parts. In Cartesian coordinates [7], the six components yield 12 
subcomponents denoted as Exy, Exz, Eyz, Eyx, Ezx，Ezy, Hxy, Hxz, Hyz, Hyx, Hzx，Hzy, and 
the Maxwell equations are replaced by: 
^xv r- d("zx+"zK) 
"~# + 〜 E x ^ ^ ^ " ^ (2急） 
"警+祝=一^&^) (•) a oz. 
,警 + 城=^&^) (2.10c) 
4 + 城 = 华 ） （ -
冬 仏 = ^ ^ ^ ( _ ) 
• 〜 5 广 警 ） （2._ 
• 。 八 - 警 ） 幽） 
" | + f ^ ^ ) ( 2 . _ 
d OZ 
SH^ , , ^(E + E^^) M ^ + cJzHy^ = - ^ \ ) (2-lOi) 
洲似 ,, ME^ + E ) 
々 冲 广 ^ ^ (2肩 
冷 + 吼 一 - j i ^ ^ (遺） a 3( 
“ 令 + 明 “ = ^ ^ ) ( _ 
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In the six sides of the domain, the absorbing media are matched layer of 
transverse conductivities equal to zero, for instance, (0，0，0，0，az，cj/) media in the 
upper and lower sides of the domain (Fig. 2.4). As a result, outgoing waves from 
the inner vacuum can penetrate without reflection into these absorbing layers. 
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PML(CTxi,Oxi*,Oy2,Oy2*,Oz2,Oz2*) \ 
PML(CJxi,Oxi*, 0，0,CJzi,Gz2*) / ^ / 
“ Z / / ^ Z PML(0,0,Oy2,Oy2*,Oz2,Oz2*) 
‘ > • PML(0,0,0,0,a,2,a,/) / / y / 
J ^ / / Z / 
X PML(Ox2,CTx2i,0AGz2,Oz2*) / ^ j / ^ “ “ PML(Oxi,Oxi>y2,Oy2 ,0,0) 
^ ^ ^~j-PML(0,0,Oy2,ay2*,0,0) 
I PML(ax2,ax2*,Oy2,Oy2*,az2,az2*) 
PML(a,2,a,/,0,0,0,0) \ ^ * 
PML(Ox2,Ox2*,Oy2,ay2, 0，0) 
Fig. 2.4 Absorbing layer's structure 
In the 12 edges, the conductivities are selected in such a way that the transverse 
conductivities are equal at the interfaces located between edge media and side 
media. This is obtained by means of two conductivities equal to zero and the other 
four equal to the conductivities of the adjacent side media, as shown in fig. 2,4. As 
a result, there is theoretically no reflection from the side-edge interfaces. In the 
eight corners of the domain, the conductivities are equal to those of the adjacent 
edges, so that the transverse conductivities are equal at the interfaces between 
edge layers and corner layers. So, the reflection equals zero from all the edge-
corner interfaces. 
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2A Active Antenna theory 
2.4.1 Active Component Finite Difference Time Domain 
2.4.1.1 Modeling of Lumped Circuit Elements 
The electric field time-stepping algorithm is modified to allow for the 
addition of lumped linear circuit [8]. Equation (2.1b) now becomes， 
— » 
V x H = J , + ^ + J , (2 .11) ^ 
Furthermore, Jc is evaluated at time step n+l/2, taking: 
4 % = 巧 " 《 广 & @ 『 ^ + 4 “ （2。1幻 
and the curl of H observed at E, is: 
z i j k 
n+ n+ n+ n+ 
V x H - , = " + " 一 ' ' - " — x i j - k - ^ i j . k ( 2 . 1 3 ) 
丨j k Ax Ay 
We assume that a lumped elements is located in free-space at the field E |^, . ^ ； 
is oriented in the grid; and provides a local current density that is related to the 
total element current, iL，as 
OJ[=TV (2.14) 
AxAy 
Here, I[ is possibly a time-derivative, time-integral, scalar multiple, or 
nonlinear function of the electric potential, V = E |^. . ^Az, developed across 
the element. Unknown can be modified as 
Ez " , = E, ; , k + — V X H n: ^ - _ ^ / r (2.15) z'" zijk & ,jk ^^AxAy L 
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2.4.1.2 Resistor 
The voltage-current characteristic that describes its behavior in a semi-
implicit manner appropriate for stable operation of the FD-TD field solver is 
- I "+ = ^ ( E : +E/ (2.16) 
z i j k R 、 z / j k T z i j k V , 
If the resistor occupy more the one, e.g. three grids, the voltage across the 
resistor is : 
c = - (Eyi jk - + E y u k + E y u k ) z (2.17) 
The corresponding time-stepping relation for E |^. . ^ is: 
s cj Az 
f - 一 ^  ^ s^xAy 一 
" = Z 7 Z 7 T ^ ^ ^ r 
a + — + ~RAxAy 
(218) 1 \ 
S ^ ; / y j A z 
- ^ '-——+ VxH；), 1 a Az__ i a _^Az '" 
St + + R3AxAy St R,AxAy 
From the above equation, the resistive voltage source is [9 
s a Az 
一 a R,AxAy 一 tzUk= ^ I ^ I AZ zijk-
St RAxAy (2.19) 
/w n \ ^ ^ 
( t ' V - ^ - r 
^ ^ L - + VxH；), 
丄 a Az 丄 a Az ' " 
St + + R3AxAy St + + R,AxAy 
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2.4.1.3 Capacitor 
The voltage-current characteristic that describes its behavior in a semi-
implicit manner appropriate for stable operation of the FD-TD field solver is 
"+ = g ^ ( E - + E / (2 .20) z i j k \t V ‘ i k z i j k V , 
The corresponding time-stepping relation for E |^. . ^ is: 
竺 
H；-j k = Ez�.j, + " " " ^ ^ - V X HTj, (2 .21) 
+ 6^AxAy 
2.4.1.4 Inductor 
The voltage-current characteristic that describes its behavior in a semi-
implicit manner appropriate for stable operation of the FD-TD field solver is 
I "+ = ^ V E n (2.22) 
Z i j k I 2 j Z i j k 、 ， 
*• m= 
The corresponding time-stepping relation for E^  |. . . is: 
E - ). k = E;,. j , + ! V X H - k - ^ # ^ i E z f (2.23) z ' " z'" So 'jk s,Lhx^y e / ” 
The capacitor and inductance are modeled in multi- grids. For a microstrip line 
which is two grids in width, three circuit elements are placed in the microstrip 
line. For example, capacitor is illustrated as shown as below: 
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Capacitor E-field 
H ^ H ^ h • • • 
• • • 
• • • 
Fig. 2.5 Modeling of Multi-grid Capacitor 
2.4.1.5 Diode: 
The current through a lumped-circuit diode is expressed by: 
/ , = / o p ' ^ ' ” - (2.24) 
where q is the charge of an electron, Vd is the voltage across the diode, k is 
Boltzmann's constant, and T is the temperature in the degrees Kelvin. The 
electric field time stepping relation of the diode is given by: 
[ n + ^ .0 A f _ ^ n^ At [f-9^x|; , ,Ay kl) 1 
E„ , = Ex . , + ——V X H . . ^  - 1。e' 一 (2.25) 
X‘J k X, J k s 丨J k sAyAz 
However, for the stability reason, we have to use the semi-implicit update 
strategy for the electric field: 
E / % = - ( E / \ + E / . ^ (2.26) 
X / J k y X I j k X I J k \ z 
Finally, we can obtain the following transcendental equation: 
^ n. [ n A t ^ ^ n . At , [J-<^xi:%^^xi:;.)Ay kj) 1 
Ex . . ^ = Ex . . ^ + ——V X H . . ^  1。e� 一 (2.27) X ‘ J k X ‘ j k ^ I j k st^yiSZ 
This equation is solved by Netwon-Raphson methoh. 
We define the function to be solved: 
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「 厂 广 n+ 广 n At 口 L| n+ 
FEx = Ex • • ^  — Ex . ^ V X H + 
X X I j k X I j k 8 I j k 
r / . „ „ 、 \ . (2.28) 
At , (-^(E.i:%^E i^:,,)Ay 叫一 、 ) 
I Q Q 一 sAyAz 
The solution of the above function is given by the following iteration: 
E r = [ ； - 署 （2.29) ^ 
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2.4.1.6 Transistor: 
The transistor is implemented on the PCB as shown as below: 
r R c | 
, X I 
• 个 P"*"|C Vcc iR 2 ^ « p n , ^ ^ 
Rs ^ ^ " " ^ 丁 
s ^ lF 4 ^ " 7 ^ \ aR*lR 
Stepwise DC J_ 2已 V ^ 
Voltage Source y^ f \ \ f T 
V _ z ^ 
Fig. 2.6 
The simulation is based upon a simpie Ebers-Moll transistor model described 
by the following circuit equations: 
/, = /。pg〜盯)- I, = /opq& ‘丁、- (2.30) 
— ^ 
!^==ap^l^-lp lc = Ipr-^F^F (2'31) 
We use a semi-implicit strategy to express the base-emitter voltage, VfiE and 
Vfic in terms of Ey|EB and Eylec respectively, the FD-TD computed electric 
field is: 
Ve? = - A y ( E , | > E , | ; ) (2.32) 
Substituting (2.31) and (2.32) into (2.30)，we obtain: 
广 . j / ( ^ . i : c - . r e c ) ^ ^ - ] 1 , 1 [ -气《 +‘卜叫 1 
/E = cCp^iQ^e^ - ^- 'oj^ - ‘ 
- J V ^ 
/ r = / 。 p 《 + E ‘ ) " T ] _ 卜 , 。 广 : + [ ‘ ) 叫 _ 卜 ） 
I. ) V. J 
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The two coupled transcendental equations for the FD-TD electric field at the 
transistor: 
n+ n Af L , n+ At . „+ E^ = E^ +——VxH ., + 1^ y EB y EB ^ I j k ^^AxAy 
F "+ = E, n + ^ V x H " + k + - ^ / - (2.34) y Bc y Bc ^ I j k ^^AxAy 
The above two equations are solved by Netwon-Raphson method. 
We define the functions to be solved: 
广 广 _ n+ n Af ^ n+ At . „+ ^ = e . L - ^ . | ^ - - v x H L , , - ^ / . 
^ c = E . i ; - E . I L - f v x H | : ; , - ^ / r (2.35) 
The above two functions is solved by Jacobain-matrix which is formed as 
below 
^^YBE ^^YBE �r 「 n n —:zr:r— ET^ + CT" 1 
F^YEB cBE ^C ^YEB — ^YEB = (2 ^6) 
FE: ^YBC ^YBC [E^sc"E^Bcl . 
舰 mc 
The solution of the above equation is solved by LU decomposition with partial 
pivoting algorithm to avoid yield condition. 
For convenience, we shall assume that all circuit components are located in a 
free-space region (e=8o, a=0, Jc=0). 
2.4.1.7 Hard Source and Current Source: 
The hard source is set up simply by assigning a desired function to 
specific electric or magnetic field components in the FD-TD space lattice. In 
the projects, a common hard source provides wideband Gaussian pulse with 
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finite dc content. The pulse is centered at time step n � a n d has a 1/e 
characteristic decay of ndecay time steps: 
Ez n = E o e l " � )"吻] (2 .37) •s 
However this optimistic scenarios are problematic. As time-stepping is 
continued to obtain either the sinusoidal steady state or the late-time impulse 
reponse, we note that the reflected numerical wave eventually returns to the 
source grid location is. Because the total electric field is specified at is without 
regard to any possible reflected wave in the grid (hence the terminology hard 
source), the hard source causes a spurious, non-physical retroreflection of 
these waves at is back toward the material structure of interest. In effect, it 
prevents the movement of reflected wave energy through the source position 
toward infinity, and thereby fails to properly simulate a physical incident 
wave. It is easily to note that the electric field of the hard source of (2.37) at is 
decays to zero for n-no>>ndecay^  As a result, when we simulate the impulse 
response of the circuit elements, such as resistor, capacitor and inductor, the 
length of the microstrip line should be long enough to ensure the electric field 
decay to zero before the reflected electric field propagates back to the source 
position. 
In order to allow the reflected wave to pass through the source, the 
following soft source can be used: 
Ez"+ — Ez n + E , nAt (2 .38) 
z s X y z z s X y z ^ 
This means that the electric field source is added to the source position after it 
has been updated globally, which allows reflected wave to pass through. By 
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compare terms, (2.38) is equivalent to (2.9), which implies that (2.38) is a 
current source. 
Plane wave source is used in this project to simulate the incident and 
scattered electric field on the patch antenna. The formulate of the plane wave 
source is based on the soft source (2.38). 
Another common source used in this project is stepwise DC voltage 
source. This voltage source is used instead of DC voltage source because it is 
easier to set up and stable. The equation of this DC source is given by: 
y A ( - e _ " _ (2.39) 
where A is the amplitude of the DC source. 
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Chapter 3: Injection Locked Mixer 
3.1 Introduction 
. Injection locked mixer is an injection locking stabilized self-oscillating mixer. 
This mixer requires external local oscillator for injection locking to achieve high 
conversion gain. In following section theoretical approach to the mixer is made and 
then experiment result is also shown. 
5.2 Circuit Topology and Theory 
To analyze the circuit, follow basic knowledge is needed. 
3.2.1 Mixer Fundamental 
A mixer is a non-linear device such as a diode or dual-gate FET [10]. If a 
signal with frequency cc>c and the oscillator frequency is co�，the non-linear mixer 
device will produce signais at the IF frequency m^ p - o)�— o)c，at the frequency 
C0Q + cc>c，and, in general, at many harmonics frequencies no)g ± mo)^  where n and m 
are integers. The signal at the IF frequency is further amplified, then demodulated, 
and finally processed for the intended output application. 
A single-tone FM or phase modulated signal has the form, coslw^t + ¢{1) the 
spectrum, after mixing, is of the form cos[(ft>c 一 ^o)^ + ¢(^) when co^  > � � a n d 
cos {coQ - C0c)t - ^(t) when co^  < co� . 
We begin with a simple-diode-mixer circuit to help clarify some of the 
operational characteristics of diode mixers. 
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• id 
I I I D > H ^ ^ 
Zo ZRF ^ ^ > R() L^ 
T T 2 _ t ^ 
¢ ) $ T v„ Y 
Figure 3.1 
3.2.2 Oscillator Fundamental 
In the design of an oscillator [11], we choose the input and output impedances 
of the transistor circuit so as to obtain a negative resistance for oscillation to occur at a 
frequency at which the total reactance in the input and output circuits vanish. 
Transistor oscillators can thus be viewed as a negative-resistance circuit. If a 
transistor is unconditionally stabie, it can be forced unstabie by using a positive 
feedback circuit from the output to the input of the device. Common base or common 
gate circuit configurations tend to offer the greatest amount of instability. So common 
base configuration was used in the design. A series reactance resonator was used in 
the common base circuits. 
The condition for a transistor terminated with impedance Z^ at the input port 
and Z^ at the output port to oscillate are readily established. Initially, assume that a 
voltage source Vg is in series with Z^ +Z^ . The input current to the transistor will be 
Vgj{Z^ +Z.„) = /^ .„ . If we now reduce the Vg to zero but at the same time make 
Z^ + Z,” tend to zero, we can maintain the current Iin and a finite output power. Thus, 
for oscillations to occur when Vg = 0，we must have 
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Zs = Rs + i~Xs = -ln - jXin (3.1) 
or Rin = -Rs (3.2) 
jXin = -jXs (3.3) 
‘ Thus the transistor must have a negative input resistance and the input must be 
tuned to resonance[12]. The frequency of oscillator is determined by (3.3). From the 
relations 
r , = $ 5 - i ) $ 5 + i (3.4) 
r,„ = ^ i n - l ) $ / . + l (3.5) 
we readily find that the condition for oscillations can also be stated as 
r . r , = i (3.6) 
Since Rin is negative and |r.J > 1，by using (3.6)， 
r — ^22 " ^ r , 一 5,2 -A/T,” 二 5^ 22^ ,):: - A (3.7) 
� “ ' 1 - r^ Sii 1 - s 11 /r.„ r.„ - � 
Also, using the same argument, 
& - A r , 
丄 in = ^-^22^L 
SO, r , = i ^ ^ ^ = : ^ or r j ; „ , = l (3.8) ^22^in -^ ^out 
Equations (3.7) and (3.8)，show that the conditions for oscillation are satisfied 
simutaneously. 
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3.2.3 Injection locking theory 
To discuss injection locking, it is convenient to start with a canonical 
oscillator. In experiment and theory, negative resistance oscillator is used and most of 
气 
the analytical approaches in oscillator are based on the negative resistance impedance. 
To begin with injection locking analysis, we begin with an active nonlinear element 
Yo(A) = -GD(A) + j Bo(A) whose characteristics depend on a voltage amplitude (A). 
The canonical oscillator circuit is shown in Figure 3.2 
^ i(t) 
o 
- G D ( A ) + j B D ( A ) ^ L ^ GL _ _ _ _ ^ _ _ J ^ - ^ ^ v(t) 
o 
Figure 3.2 
Injection current (I(t)) is the sum of the currents flowing through the individual 
components: 
i(t) = C ^  + G^v + jJvdt + Y^v (3.9) 
where the tank circuit consists of an inductance (L)，capacitance ( C)，and load 
conductance (GL). The voltage (v) in equation (3.9) is assumed to be sinusoidal with 
angular frequency co.，magnitude A(t), and instantaneous phase ¢(1): 
V =糊—("'_ (3.10) 
The magnitude and phase in equation (3.10) are assumed to be slowly varying 
functions of time. This simplification allows us to omit higher order terms which arise 
35 
from the insertion of equation (3.10) into equation (3.9). Intergration by parts yields 
the following expression for the current [13,14]: 
Re(i(^)) = C 一 A co^ + — sin{co.t + ¢)+ - c o s { o ) . t + ¢) 
\ \ dt ； dt J 
+ (G[ -G^XAcos{co. +r》一5DAsin(6；,. + t ) 
+ — — ^ - sin(^;. + ^ ) + ^ - c o s ( ^ y . +^) (3.11) 
L o). G). dt CO. dt \\ ‘ ‘ / I / 
The injected current is then assumed to have an in-phase cosinusoidal 
cpmponent of magnitude I^{i) and a quadrature sinusoidal component with 
magnitude 1^ {i) . This is given by 
i { t ) = Ic {t)cos{o).t + ¢{1))+ Is (t)sin{af,t + ¢(1) (3.12) 
Equation 3.12 is inserted of equation (3.11). The principle of orthogonality allows us 
to reduce the expression into separate components. Multiplying both sides by 
sin{co.t + ^ (0) and integrating removes all cosine terms: 
字 f C + ~ y + BD + cOiC 一 ^  = -与 (3.13) 
dt corL o)j L A 
\ ‘ / ‘ 
using the same method, we have 
dA( 1 \ / X ^ c + 4 r + ( G r G j = L (3-14) 
at cO;L 
\ ^ / 
Given that the free running frequency {a>^  = l /VZc) and assuming the 
injected frequency � � i s near co�, a frequency deviation is defined by the 
following: 
Q)fi — ~ i ~ « 2(^y. - 0 )�X^ = 2A^yC (3.15) co^L 
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C + - ^ ^ 2 C (3.16) 0)^L 
The simplifications shown in equations (3.15) and (3.16) are substituted into 
equation (3.13) and (3.14). The differential equations for the phase and amplitude 
variation of the oscillator voltage become 
^ = _ A ^ _ ^ _ A _ (3 .17) dt 2C 2CA 
- = — ( G ^ - G j + ^ (3 .18) dt 2C^ D LJ 2c 
In the absence of injection current (/^ = /^ =0)，the steady-state amplitude 
Ao is reached when G^ (A) - G[ = 0，making dA|dt = 0 . 
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3.2.4 Regenerative mixer theory 
Different from the traditional mixer circuit, regenerative mixer is mixer with 
positive feed back was driven into unstable state that the circuit it self is readily to 
oscillate. Following is the traditional circuit topology of mixer architecture: 
: : : : : : t ^ ^ 
— P ^ 
Figure 3.3 
From the above topology, the power conversion gain is = c , *G ^ ®G „ 
The regenerative mixer is the modification of the traditional type. A feedback 
circuit is added from the mixer output to the RF input path. 




In which Lc is the loss to the feedback path 
And B(s) is the transfer function of the feedback network 
G 1 *G c *G 2 Power Conversion Gain= (3.19) 
1 -G , *L c *B ls) 
From equation (3.19)，it is obvious that the gain of the mixer is infinitive if 
1 G , *L c *B ls) trends to zero. Since it is a positive feedback, the mixer oscillates 
when the conditions are satisfied. In order to prevent the circuit to stay in unstable 
state, external source is necessary injected into the mixer and let the free running 
oscillation to be injection locked by the external source. 
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3,3 Design Methodology 
The design of the mixer and oscillator follows traditional circuit approach, (i) 
DC biasing, (ii) Load impedance matching TjT^^ ^ <1，(iii) Oscillation impedance 
r^r.^ > 1 [12]. General RLC components were used in the circuit, and the choice of 
components does not affect the circuit very much. The critical component is the 
feedback capacitor and source/load matching. Following are the design crietia. 





( _ ^ ' ^ ^ 2SC3355 ^^ 
470R 
Figure 3.5 Self bias configuration 
A microwave oscillator can be designed using the standard oscillator circuits 
such as Hartley, Colpitts，or Clapp circuits. Various variations of these circuits can 
also be used. The oscillator is biased using self-biasing configuration. In figure 3.10a， 
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an I-V curve is obtained using MDS and the transistor 2SC3356 is used. The Q point 
can be calculated using the following load line. 
V,,=I,-R,^V,,^I,-R, 
， VcE=Vcc]c (R l + R2) (3.22) 
To increase the non-linearity of the transistor, the base to emitter junction 
must be modulated around the turning point where I(v) = 1^ {e^ -1)，the typical 
turn on voltage is 0.7 V. 
After biasing the transistor, the biasing microstrip was placed between the 
power supply and the collector. A 义 / 4 microstrip was insert between the Collector 
andRl. 
470R 
" ^ ~ ~ — L _ _ H 
^ ~ 47pF T " : 
t S ^ 
^ — ^ 470R 82K M 
O.luF 
Figure 3.6 A / 4 microstrip for isolating the IF signal 
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3.3.2 AC signal path consideration 
In the mixer circuit, the RF signal is injected from the emitter side. The 
resonating circuit is on the collector side. The mixing between the RF and L0 take 
plase at the BE junction. To mix the RF signal with the local oscillator it is necessary 
to put a capacitor between the collector and the emitter. 
470R 
Vcc 1 
^ ^ 47pF 
• • • • • • • • • • • 
i Matching Network 
� A ) 2 I . . . . . - ' : : : , — 丨 -
~ ~ ~ " ~ — ^ " ^ ； ; ~ i _j~— ”:-、鲁 
變3、‘. M \ ^ ^ \ ： : 邊 ^ ^ ^ 拟 於 <m ^¾?<¾¾<^^¾?¾¾¾¾?^ ： >、. 
^ ^ i i r ^ 丄 h 
丨 Y^ “ “ 丨 470R 
82K _J_ 1 M 
O.luF ： 
Figure 3.7 Input impedance matching 
3.3.2.1 Source Reflection Product 
The matching from the emitter to the load ensure matched power transfer and 
it also affect the Yo(A) and hence the oscillation frequency( see equation 3.5)，since 
r . n . =1 [i2]. 
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By using MDS, the impedance of the transistor view into the Collector is: 
c_> m <c I 
«1 / < " 7 / ' ^ ^ " ^ 
H 1 = Z 0 i (- 2.8 212 E - 0 3 + j fi 7 9 • 13 E - 0 3) / _,- V""一 � � . l \ \ 
- Il = 3 0 7 . 0 0E + 0G / Z \ " l^^^i«^ \� \ 
12-鐵 ' , ^ ^ ) A 
/ \ > <十 < ^ / , + \ 
― - / 丫’-.‘. m \ 
“ “ « \ \ > 心 、 1 ^ --：-— 
二 二 二 — - - ^ y f r . ^ ; “ ““•“ V, .'••' L^ -.-,； 
" \ V 2 ^ ” � \ / \ , , , / ru nj rvj \ ._.-.�/ 、 Z / 
M » H X 个一― """"\ Z 
tn tr> cn N^ ; \ y ^ u_ u. u_ ^ ^ -、， J^ I I I ^-^^ _^^„^ 
Ml 一> ^ Z 
Hl-ZOH8G.88U-03-j5.G337E+00) 300.D HHz frcq 500.0 MHzA 
Il-30a.50E + 0G 300.0 MHz freq 5 H . 0 MHzB 
1卜鼷 3 0 0 . 0 HHz freq 5 0&.0 hHz C 
M1 
hl = Z 0 n - 2 2 . 6 2 3 E + 00-j2. 3 0 5 9 E + 00) 
I lH2 1 .OOE+&S 
”=驪 
M2 
H2 = Z"(a.4 3G5E-&3+j8 2 0.m-03) 
Il-3D&.OOE+OG 
I2==_ 
T r a c c l - 5 [ 1 , 1 ] 
T r a c e 2 = S [ 2 . 2 ] 
T r a c e 3 = 5 [ l , m S [ 2 , 2 ] | 
Figure 3.8 Source Reflection Product 
This figure shows the S-parameters of the resonating and the device ports. 
As mentioned in the oscillator theory, the source reflection product is at least 
greater than 1. Lm this case, the real part of the product is just negative when the circuit 
oscillates. 
The pink trace is actually the multiplication between the two S-parameters. 
The product is plot on the S-parameter graph. The Marker here shows the point where 
the two values are conjugated each other. At this point, the real part of the impedance 
4^ 
is -0.0065 ohm, which fullfil the oscillation theory that the product is equal to 1 when 
oscillation occurs. 
Trace 1 is the impedance of the device looking into the collector pin. This red 
trace shows the s-parameter of the resonating port. The Mark here shows the 
impedance of the port. It is 0.0043 ohm -2.8kohm *j. The frequency is at 308.5 MHz 
Trace 2 is the impedance of the dielectric resonator. This blue trace shows the 
s-parameter of the resonating port. The Mark here shows the impedance of the port. It 
is 0.14 ohm "0.03395ohm *j. 
The pink trace in Figure 3.8 is product between the two S-parameters. The 
product is plot on the S-parameter graph. The Marker here shows the point where the 
two values are conjugated each other. At this point, the real part of the impedance is -
0.0065 ohm，which fullfil the oscillation theory that the product is equal to 1 when 
oscillation occurs. 
For an oscillator, the envelope of the oscillation is bounded by the DC suppty 
voltage of the circuit. In other words, the signal will clip if the signal level is too high. 
So the product of the reflection coefficients should be just greater than one if low 
spurious level is needed. 
3.3.2.2 Load Reflection Product 
In Figure 3.9 Trace 1 is the reflection coefficient of the impedance of the 
emitter and trace 2 is the reflection coefficient of the load matching circuit. 
44 
CJi PQ <E >^>u>^  
/ ^ C ^ ^ ^ ^ 
/ /N,, \ Z � \ / . . \ : 
‘ / • / \ 八 \ � A 
j : / )c^"^"^ V — - . " 4 二二7^1 / « ? i £ t ^ ^ ^ ^ : : » � \ u tJ LJ .... P^1^ . -^W --^ '^ Stf'*'-oi icj 对 m 瓦一二-j：^^ ’ 
^ e^  c^  I r \ z/T—Z .,- a 
——\ \ . i ^ � y — . 4 
\ \ : Z V / J \ \ ‘ ' , . � � + — - ' - / ^ ^ <=» \ ,, .-.\ i ,_ / 
二二二 \ /.. � \ j . 4 f i i . i : - v 
“II .. v 广\——，\/ ;:2i2^ X^ I \ 7 二“ ^ - ^ I 3 ^ 
3 0 0 . D HHz f r e q 5 0 0 . 0 t1Hz A 
3 0 0 . 0 HHz f r eq 5 0 0 . 0 MHzB 
3 0 0 . & HHz f req 5 0 0 . 0 MHzC 
M1 
Ml = Z O M 2 . 9 112E + 0 0 - j l l 0 . 2 9 E - 0 3 ) 
I l H 1 7 . 0 O E + OG 
12 =國 
Tr i c e l = mi x e r 1 _ S p a r _ a u t , . S [ 1, 1 ] 
Tr &c e E = m i x e r 1 _ Sp i r _ a u t • . S [ 2，2 3 ^ . . . _ . 
T r i c e 3 = m i x e r 1__ Sp i r"_ o u t . . S [ 1， 1J i m i x e r 1 _ S p a r _ a u t . • S L 2，1J 
Figure 3.9 Load Reflection Product 
The output port is conjugate match to the emitter pin. The product of the reflection 
coefficients (trace 1 and 2) is less than one. 
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3.3.3 Mixing and feedback at the base-emitter junction 
^ i ^ CMP11 
L y " CCHIP 
“ ciM ^ 
CPR0BB C=8 pF 
| ^ - ^ | X2=10 mil 
ip »• CMP55 
Tj「 analoglib_2sc3355_g _ _ _ ^ K J ——N^""""^^"~~[ 
r � ‘ 
mil -二 > ^ B 
CMP16 > t^ n CMP4 - ; ^ ^ o R <cs j r__^ C r j i CCHIP ^ s t 
00 CMP57 ^ ^ 1 J ^ II cvj 
^ CPROBE \ ^ ^ L ^ � ’ 
I I II 
1 V . ^ P^  AGROUND 
^ _^ > 。 • 二 
CMP3 J ^ ^ l CMP2 ••！ EQUATION C1 
C0HP T 〒 V CCHIP q ^ S V EQUATION C2 
0 X 0 X 
EQUATION C3 
17. i i A A i . .. EOUATION C^  Figure 3.10 Measuring the 
current of the transistor 
After adding the capacitor C3 (Figure 3.10) across the collector and the 
emitter, the VBE now is switched by the signal from the collector. Adding the RF 
signal into the emitter can give a higher intermodulation product and hence higher 
conversion gain. 
Capacitor C3 plays an important role in this circuit. First, It increases the non-
linearity of the circuit. Second, It serves as the feed back path for the RF signal that 
contributes to the high conversion gain (see Equation 3.19) 
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470R 
Vcc L ^ 
^ ^ 47pF 
:.:�———————————— 
^ j M a t c h i n g N e t w o r k 
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O.luF - ^ ^ 
Figure 3.11 Adding feedback capacitor between collector and Emitter 
The impedance looking into collector is, 
. s , , -Ar r , , = — — — ^ (3.21) ' " i - 5 . . r 
— I which is already stated in the oscillator fundamental . 
The regenerative mixer is modified based on the colpitts oscillator. Oscillation 
occurs when equation (3.1)，（3.2) (3.3) hold. In which Y^^(A) is defined in section 
3.1.2 where 
Y'^{A) = ^ ^ { A ) ^ j B ^ ( A ) (3.22) 
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also Y \A) = h ^ (3.23) 
“ r ^ . + i 
where r^was calculated in equation (3.21) 
3.3.4 Final Circuit Configuration 
+ 3 U r i L i N 
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Figure 3.12 LI,Cl,C2,C3,C4 contributes to the natural frequency 
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3,4 Circuit Characteristics 
Precise characteristics are extracted from the circuit by using HP VEE. The 
conversion gain of the circuit is measured against injection power with different RF 
~ frequencies. 
The injection lock mixer is operated at 255 MHz, composes of 1 transistor 
(2sc3355) and 1 dielectric resonator and several RLC components. The whole circuit 
is mounted on a FR4 double side fibre eproxy with permitivity of 4.6. The mixer 
operated at 3V with 1mA supply current. The dielectric resonator was used as the 
series reactance. Matching were applied to input and output as discussed in section 
3.2. Figure 3.14 is the photo of the device. 
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Figure 3.13 Automatic measurement setup using HP VEE 
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Figure 3.14 Mixer Circuit Snap Shot 3.4.1 Experiment parameters 
The free running frequency of the regenerative mixer is 262 MHz. The L0 
signal frequency is from 243 MHz to 249 MHz with 0.2 MHz step. The RF signal 
frequency is at LO+10 MHz. The IF of the system is chosen at 10 MHz and the 
frequency difference is always 10 MHz. 
3.4.2 Relationship between conversion gain，injection power and center 
frequency 
Figure 3.21 is a 3D plot showing the relationship between conversion gain, 
injection power and injection frequency. The 30dB high conversion gain was 
achieved when the injection signal frequency is close to the locking edge of the 
oscillator (when it was barely unlock). If injection power level is set to beyond the 
boundary, the oscillator is injection locked to the injection frequency with the 
conversion gain constant at about 6 dB. It was found that the conversion gain is a 
constant and is independent of the injection power. 
so 
3.4.2.1 Conversion Gain versus Injection Power 
From Figure 3.15, the conversion gain increases as the injection power 
increase. To obtain high conversion gain, the oscillator in this circuit is at the edge of 
the locking bandwidth. Figure 3.15 shows different conversion gain at different 
frequencies. Although the response curves are not the same, the trend ofeach curve is 
increasing as the injection power increase. 
Conversion Gain vs Injection Power 
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Figure 3.15 Injection Power versus Conversion Gain 
Li Figure 3.15, we can see that the conversion gain of one of the curve is 
extremely high. This high conversion gain happens at frequency 256 MHz and the 
conversion gain is up to 60 dB when the injection power is at -8.5 dBm. The 
conversion gain curve at 255.5 MHz and 256.5 is 20 dB at injection power o f -10 
si 
dBm. The conversion gain of the curve at —10 dBm injection power is 40 dB. Which 
is 100 times the conversion gain in 255,5 MHz and 256.5 MHz. 
3.4.2.2 Conversion Gain versus Injection Power 
Conversion Gain vs Injection Power 
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Figure 3.16 Effect of injection power to the conversion gain 
The result shown in Figure 3.16 shows the relation between the injection 
power and the conversion gain. The free running oscillation is at 260MHz. The 
regenerative effect increases as the RF frequency increases towards the free running 
260 MHz frequency of the oscillator. As the injection power increases beyond — 
5dBm, the amplitude free numing signal decreases as the oscillation condition close 
S7 
to the boundary, r^r.^ =1+. The free running is suppressed by the injection signal. 
Although r^r.^ > 1 still holds, the oscillation dominates at the injection frequency. 
From this figure, we can see that the conversion gain increases as the 
， operating frequency increases. Each line represents the relation between the injection 
power and the conversion gain. The frequency of each line is show on the legend. 
From the figure, we can see that the conversion gain increases as the RF input 
signal increases (the L0 signal increase at the same time). The free running oscillation 
is at 262 MHz. From the Figure on the left, we can observed two facts. First, as the 
RF input frequency increases, the conversion gain increases. This is due to the 
regenerating effect of the mixer. Second, the injection locked power level decreases as 
the RF input frequency and the injection frequency increase. The injection locked 
takes place easier as the injection signal moves toward the free running signal. From 
the figure, we can see that we need —3 dBm to lock the oscillation at 253 MHz, but we 
need ~4 dBm to lock the signal at 255.2 MHz. 
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3.4.2.3 Conversion Gain Versus Injection Power 
In figure 3.17, the -15 dBm L0 signal is sweep from 253MHz to 260 MHz, 
the peak conversion gain occur at 256 MHz. The conversion gain is higher than 0 
when the center frequency is between 254.5 to 257.2 MHz. The Local oscillator 
frequency is 10.7MHz lower then the RF frequency. As the RF signal is increased 
from 252 MHz to 260 MHz, the injection signal increase from 243.7MHz with a 
different of 10.7 MHz. 
Conversion Gain vs Injection Frequency at -15dBm L0 
4 0 "I . �！ . . . …；^.； “ ”,： ；:.:.： . • ; ::..:... i : .-,.".t::.,||:| :, ” — 1 
I 1 I i 1 I I 
3 0 -.…-………+…-…-…--；… - … … … -卜… -……-+…—………十…- - … … — h -----
丨爹^ 
t I 0 I J y y ^ > ^ l I " “ ^ I 
2i'>2 2 ^ ^ ^ , g ^ * ^ a 2 $ 5 2 l i 6 2 $ 7 ^ S g ^ 8 2 $ 9 2 ^ 0 - l o - n k n l l — j — — — 4 ^ 
HHHHBHHHHIHH ‘ 
I t I ‘ ‘ * ‘ ^ ； •； i • i i 丨 I t i > f i I I • i • » I I j » I » 
- 2 0 ^ • “ : - • • - • • - ^ . : . : . 、 ： / ., ； : : : ^ - _ J _ ^ ^ ^ ^ ^ - _ _ L _ - ^ _ _ ^ _ _ ^ — _ J « _ „ _ L „ _ _ J 
Injection Frequency/MHz 
Figure 3.17 Signal position and the frequency relstion 
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With compare to Figure 3.18, we can see that the conversion at 254 MHz 
increase as the injection power increase. 
Conversion Gain Response vs Injection Power 
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Figure 3.18 Free running signal pulling effect 
From Figure 3.18, we can see that the peak of each curve shift from left to 
right as the injection power increases. The tendency of the peak to shift with injection 
power is caused by the pulling effect of the injection signal. As the Yo(A) is a non-
linear impedance, it can be affected by the amplitude A as A is large, say -5 dBm. 
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3.4.2 Locking Bandwidth and phase shift 
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Figure 3.19 Equipment setup 
The locking bandwidth of the oscillator is proportional to the injection power. 
The minimum input power is about -25 dBm. If the injection frequency is close to the 
natural frequency ofthe local oscillator, -25 Bm is just adequate to lock the oscillator. 
However, in order to lock the oscillator without external perturbation. A higher 
injection power is desired. From Table 4.1, we can see the relation between the 
locking bandwidth and the injection power. Kurokawa's injection-locking theory [3] 
was used to describe the induced phase shift. 
^ o > ^ ^ i n 4 ^ ^ - ' ^ A (3.23a) 
� ^max ) 
The maximum locking range is described by 
— = ^ ^ E _ L _ (3.23b) 
• a . Gp i P o . sin(a) 
sfi 
The equation can be expressed as 
1 氣 4 一 1 。 敏 ) * 志 
In the equation, 6>时 is the injection-locking frequency, g^, is the external 
quality factor of the imbedding resonant circuit, F\„j is the injection locking power, 
P^ is the oscillator output power, a is the angle between the impedance locus and 
device line, G^ is the maximum stable gain of the two-port oscillator, and Gp is the 
square root of the output power ratio of the two ports. 
Comparsion between calculated and 
experiment Result 
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Figure 3.20 Comparsion Between calculated and experiment result 
Figure 3.20 shows the plot of injection locked bandwidth versuss injection 
power was plot. Y-axis is the injection power and the y-axis is the locking bandwidth. 
Theory states that the injection power has a linear relation with the log injection 
7 
locked bandwidth. However, in the experiment, we found that there is some error 
when the injection power increase beyond 0 dBm injection power. 
From the graph, the calculated log bandwidth is -15 at -16 dBm injection power. The 
calculated log bandwidth is - 3 at -3 dBm injecton power. 
， 
3.4.3 Regenerative Effect, Mode 1 injection mixing 
From figure 3.23 in the end of this section, we observed that the conversion 
gain at the center region is up to 30 dB. This is the regeneration effect of the mixer. 
Within the region, the RF signal is regenerated by the injection lock mixer. The 
conditions for this effect to happen are: 
1. The injection signal is at the locking edge of the locking range. 
2. The RF signal is within the locking range. 
At the natural frequency of the circuit, the negative impedance is equal to the 
positive impedance of the network impedance ( refers to resonation circuit in figure 
3.7 and Figure 3.8), Usually, there should be only one point that the product of two 
reflection coefficient is pure resistive when oscillation took place. However, as the 
injection signal power increase ( with the frequency of the injection signal within the 
locking range )，the injection source will affect the negative impedance of the circuit. 
At first, the impedance of the oscillator viewing from the resonating port is purely 
resistive only at the free running oscillation frequency. The present of the injection 
signal affect the reactance such that the reactance at the injection frequency will be 
zero, or in other words, fulfil the oscillation criteria. 
In this thesis, we explored the mechism of the injection-locked mixing effect. 
The high conversion gain of this regenerative mixing is in Mode 1 of the injection 
mixing. 
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3.4.3.1 Operation ofMode 1 Mixing 
The RF signal, frequency fo is at lower end of the free running oscillation of 
the mixer. The injection signal is at fo — fiF. As mentioned above, the injection signal 
can affect the impedance of the active device. The non-zero reactance at the active 
device will close to zero. In this case, the reactance at the device with frequency 
between the free running frequency and the injection frequency will also close to zero. 
Figure 3.21 shows the device and load line of the oscillator. 
• Lo .d l l . e I 
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Figure 3.21 Injection effect to load line 
With the RF signal between the injection frequency and the free 
running frequency, the signal fulfill the oscillation criteria and will have a very high 


















































































































































































































































































3,4 Transient simulation 
Following the methodology described in the last section, a simulation is 
performed using Microwave Design System from Hewlett Packet. The primary 
objective of this section is to verify the validity of the theory employed in last section. 
First, the DC bias simulation was carried out. The goal was to bias the 
transistor such that it worked in class AB. In other words, to bias the circuit in a 
‘barely tum on' condition. Second, adding the biasing choke and matching together 
with the feedback capacitor. We extracting the S-parameter and verify equations (3.4) 
and (3.5). At the end of this chapter，we will verify that if the feedback contributes to 
the high gain of the circuit. 
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3.4.1DC Bias Simulation 
Using the same approach stated in the last section, we simulate the bias 
‘ voltage and current. The signal is a large-signal device from the library provided by 
HP MDS. Removing the matching and keeping the resistors and transistor in the 
circuit, using the same approach as in last section. 
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Figure 3.25 DC Bias Simulation Result 
Figure 3.25 state that VeE is 0.736V and IC is 1.294 mA 
Figure 3.26 shows the simulation configuration. There is a modification in the 
circuit in order to accelerate the simulation process. The base node ofthe transistor is 
directly connected to the hard DC source. The advantage of using hard source in 
biasing is that the slow transient response of the DC supply can be removed. The 
biasing voltage at the base of the transistor is biased using hard DC source with the 









































































































































































































































































































































































3.4.2 AC Simulation 
Simulation of self-oscillating device is time consuming. Self-oscillation is 
established after thousands of pico-second. However, the information in the first 
thousands of pico-second is useless if the spectrum of the oscillation is needed. 
Accurate spectral information must be extracted after the oscillation is stable. The 
long settling time is due to the large capacitor at the base node of the transistor that 
introduces large RC time constant at the bias circuit. Moreover, there must be at least 
8 samples per wave cycle in order to get the 4^ ^ harmonics of the waveform. So the 
resolution of the simulation must be down to 100ps or less. That introduces difficulty 
to the simulation of an oscillator circuit and make the simulation time consuming. 
3.4.2.1 Triggering the oscillation 
To trigger the oscillation, a step function is placed at the resonating circuit 
through a small capacitor. From Figure 3.27, we can see that the amplitude began to 
stabilize after 3 ns. The simulation stopped at 6ns and the information from 3ns to 6ns 
are transformed to frequency domain using the function/<，，，）in MDS. ThefsCJ is a 
Fouier transform function that have parameters that can be adjusted to generate 
frequency domain results. 
This mixer is an autonomous circuit that starts oscillation itself. It is necessary 
to introduce perturbation to the resonant port to trigger the oscillation. Start from the 
trigger at zero second, the swing of the oscillation is small. The envelope increases 
gradually and at 3 us the magnitude of oscillation becomes stable. In order to increase 
the accuracy of the measurement, the simulation period is as long as 36 us. Only the 
waveform from 3us to 36us will be used in the analysis. 
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The Figure 3.30 shows the magnified waveform from 21.5us to 22.0us. We 
still can not see the detail of the waveform. Another magnified waveform is from 
21.993us to 22.0us. Only 7ns waveform is inspected. From this waveform we can see 
that the curve is smooth. 
Theoretically, to obtain the spectrum of the waveform, the minimum sample 
rate is double the frequency of the waveform. This time the sample rate is 0.1ns for 
accurate RF spectrum output. 
Vc 广 — 
^ ^ ^ 3ns 
I > 
"igure 3.27 Transient Response at the beginning 
In this simulation, we have to be careful the slow charge up time for the 
capacitor at the base terminal. As the resistor for bias is 18K ohm, the charging time 
for the 1000pF+47pF at the base terminal is RC= 18us, which is longer than the 
simulation period of our simulation. If e have to wait for the capacitor to charge up to 
stable, it is necessary to wait for 5 RC constant. We have to limit the simulation 
period since the time of simulation will be very long if we wait until the base terminal 
to become stable. We need several hours for a single simulation for 6us simulation. 
Here we simply adding a DC voltage constant at the base terminal to fix the base 
voltage and the circuit is at the desired base when the simulation starts. The capacitor 
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3.4.2.2 Injection Locking 
The free running state of the oscillator is not the interest of this research. Free 
running oscillation is suppressed by injecting the L0 signal to the resonating circuit. 
The oscillator is injection-locked by the L0 signaL Figure 3.28 shows the VeE 
waveform and Figure 3.29 shows the waveform and the spectrum at Collector and 
Emitter ofthe BJT. 
There are two characteristics of the injection locking oscillator that have to be 
noticed: (i) the pulling effect of the free running oscillation due to the injection signal, 
(ii) the change of the amplitude due to the injection signal 
3.4.2.3 With RF signal present 
With the oscillator being pulled by the injected L0 signal, we can inject the 
RF signal to the RF port. The RF signal when through the RF matching and was 
injected into the emitter. Figure 3.21 showed the waveform at Collector and Emitter. 
The power ievel at RF port was 0.001 V (power -40dBm). Figure 3.30 showed the 
spectrum of the waveform at the collector of the BJT. 
Trace 3 of Figure 3.30 shows that the free running signal at the collector is 
envelope modulated by the RF signal and IF signal present at the collector. The IF 
signal can be extracted through the low pass filter at the collect to the IF output 
(shown in figure 3.26). 
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Figure 3.30 Voltage waveform at Base, Collector 
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3.4.2.4 Mixing product at IF out (Collector ofthe BJT) 
Within the Simulation, RF signal level is at -50 dBm at frequency 182.45 
MHz at the RF input port and Lo signal level is at 0.3V Vrms -0.45 dBm at 183 MHz. 
It was found that the output power level at the collector is —25 dBm. The calculated 
gain is 25 dB. Figure 3.31 shows the results. Marker 2 in Figure 3.31 is the free 
running frequency of the mixer. Marker 1 is the regenerated RF signal at collector. 
After adding the AC path, we simulate the mixing effect of this mixer. The 
circuit starts its oscillation and it become stable after 3 us. The RF input signal is 
injected into the emitter immediately after Os. The figure sow the fourier transform 
signal after 3 us to 36 us and we obtain the frequency domain. 
In Figure 3.31，Marker 1 shows the position and the magnitude of the RF input 
signal. The amplitude is -25dBm at 182.48MHz. Marker 2 shows the position and 
magnitude of the free running oscillation. The power level is 14 dBm and the 
frequency is 182.33 MHz as calculated by the MDS using 50 ohm as the reference. 
The third peak on the right showing here is the injection signal to the 
resonating tank, the amplitude is - 2 dBm and frequency is 184.1 MHz. 
The position of the operation frequency is important to achieve high 
conversion gain. The RF input frequency must be placed between the frequency of the 
injection source and the frequency of the free running oscillation. And the RF input 
signal must be placed more close to the free running oscillation. 
There are two possible arrangement. 
(i) The injection signal and the RF signal is placed at the upper side of 
the free running signal. 
(ii) The injection signal and the RF signal is placed at the lower side of 
the free running signal. 
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The results are different. We found that the conversion gain is higher when the signal 
are placed at upper side. 
’ <= m y — , ： r — ^.f ； ‘ ； F i Hi, ^ n 
^ 十—+- - ttl'=-25.54 0E + H — ^ ― 
— —I ！ I ii=ia2.4aE+ofi, — 
— … ― ― ； 一 — 「 — I 2 = i l “ — . ― 一 ― ‘ 
.1 . . I 丨： 
J . . .j ！ . ？ \ — _ __ _ _ ___^ „ „ 
_ ™^ • j - J ——-'~ - - - - _ - ‘ 一 " '•—‘ 
j . . .i i I i -. I I I . i . 
~ “ . 一* I 1 . I • • . \ 
— i 丨 1., 丨 QJ i — _ } s. 
I � h l t ~ t ~ " ^ 卜 、 
- — I ;-/ | \ - - - � - 一T -~~j~~ 編 縣 ^ ^ ^ ——2——^ 丨 ^~~^ ^ ^― ^ 'di 
i a 0 . 0 M H z i n d e p ( T r a c e l , l ) 1 8 5 . & M H z A 
— 
Tricel=dBmCmag(fs(mixerl_193csuper..vc,,,,,"a510", 6 , 3 0 00e-3,3 0&0&e-3))) 
Trace2=dBmCniag(fs(mixerl_19 3csuper..IFout,,,,,"a510",G,3 0 00e-9,3000&e-9))) 
Figure 3.31 Relative position of the signals 
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Figure 3.22d shows the signal level of the down converted RF signal at IF 
frequency. The absolute level measured at the collector is -25 dBm. The conversion 
gain here is then 15 dB. The IF frequency here was arbitrary chosen at 700 kHz. 
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Figure 3.32 SM radio of the down converted signal 
From Figure 3.32, we found that the S/N ratio is 15 dB, the simulation result 
does not satisfy any approval requirement. But refer to Figure 3.31, the S/N ratio is 
also 15 dB by observation. In this case，the S/N ratio can not be determined from the 
simulation. 
11. 
(v) Comparison of the circuit with feedback and without feedback 
From Equation (3.5)，it shows that the conversion gain is higher with the 
positive feedback loop present. In order to verify the effect, the following is the 
simulation result. 
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Simulation 1 (Without feedback loop) 
The following is the new circuit configuration without the feedback loop. 
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Figure 3.34 Circuit with matching network between input and the emitter 
Figure 3.34 shows the new configuration without feedback. L1, C1, C2, C3, 
C4 control the oscillation frequency of the circuit. After removing the capacitor C3, A 
new capacitor C'3 must be placed at the collector to compensate for the change in 
capacitance. Except the modification at the feedback loop，there was no other 
modification within the circuit. The following result is generated by the circuit in 
Figure 3.34 by keeping all other simulation parameters unchanged. 
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Figure 3.35 on the left shows the spectrum of the collector. The red line shows 
the spectrum around the fundamental frequency. The mixer oscillates at 417.54 MHz. 
The injection source frequency is at 428 MHz. This signal at 419.48 MHz is the 
regenerated RF input signal. 
The blue line shows the spectrum of the down converted output due to the 
mixer. The peak at 11 MHz is the mixing product between the injection source and 
the free running oscillation signal. The next peak on the left at the blue line is the 
8.515 MHz down converted signal the collector. 
Figure 3.36 show the same spectrum with the feedback capacitor removed. 
From the spectrum of the collector around 412 MHz, we can observe that not 
only the RF signal was regenerated. It was found that the noise floor was regenerated 
together. From the experimental circuit, we found the same phenomenon that the 
noise floor was raised by the free running oscillation. Althrough the noise and the 
desired RF signal was raised by the free running signal together, the S,/N of the 
desired RF signal and the noise floor remain the same eventhrough the conversion 
gain changes. 
The amplitude of this signal at collector does not reflect the actual power level 
at the RF input port. The RF signal was regenerated by the free running signal and is 
amplified by 30-40 dB already. 
Direct calculation from the graph shows that the Sy^ ratio of the regenerated 
RF is 56 dB. The down converted signal shows a S/N ratio of 18 dB. The different is 
38 dB. From this simple calculation of S/N ratio, we cab say that the noise figure is 38 
dB. But this is not really correct bacuse the noise floor is caused by the windowing 
function. So in calculation, it is difficult to get the S?N ratio. We have done that 
through measurement. 
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The maximum sensitvity I have measured is -104 dBm. Then the calculated 
noise figure ofthe circuit is 19 dB, which is a lot better than the value obtained from 
this figure. 
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Figure 3.35 Conversion gain with feedback capacitor 
In Figure 3.35 and 3.36, we can compare the result of the mixer with positive 
feedback (Figure 3.35 ) and without feedback ( Figure 3.36 ). The circled area shows 
the difference. 
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Figure 3.36 Conversion gain without the feedback capacitor 
3,5Summa/y 
In this chapter, we begin with the design methology of the mixer. Every basic 
design criteria were taking into consideration. The Mode 1 regenerative mixer was 
designed using MDS. Then the performance was evaluated. The mechnism is 
investaged and the measurement result were compare, with simulation result 
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Chapter 4: Injection Locked Transceiver 
In the previous chapter, the regenerative mixer is investigated and experiments 
, were carried. The disadvantage is that the device is in an unstable state since there is a 
free oscillation within the circuit. In this chapter, an injection locked active antenna is 
discussed and using this active antenna, an active transceiver is made. 
4,1 System Architecture 
The circuit consists of an injection oscillator, antenna and mixer. The antenna 
serves as the oscillating port as well as antenna for transmit and receive. The antenna 
is directly connected to the negative impedance port of the oscillator. With the 
oscillator connected to one side of the antenna, the other end of the antenna is 
connected to a FET and that FET serves as the mixer. The patch antenna employed 
here is a wideband slotted antenna. 
This figure shows the configuration of the transceiver. The transceiver is 
composed of 
(i) Signal generator — this signal generator has two functions, served 
as Local Injection Oscillator in receiving cycle and served as 
modulated injection source in transmission cycle. 
(ii) Injection locked oscillator- This injection locked oscillator consists 
of only the negative impedance part the antenna is the other part of 
the oscillator. This injection locked oscillator is injection locked by 
the source below. 
(iii) Together with this antenna, the oscillator is a complete oscillator. 
This served as the resonating tank. 
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(iv) Attached at the opposite side of the antenna is the dual gate FET, 
received signal and the L0 signal are mixed here and the mixed 
signal is extracted using a band-passed amplifier. The JF output is 
taped at the output of the IF amplifier. 
The advantage of this circuit is the simplicity. The injection locked oscillator 
is shared as the local oscillator and the transmitter oscillator. But this time, the 
injection locked oscillator is working at completely locked state. 
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4.2.1 Up-conversion Consideration 
The modulation of the transmission is done by direct modulation of the 
injection signal. The injection locked oscillation characteristics follows exactly what 
the injection signal behaves if the modulated signal together with the sideband fall 
into the locking bandwidth of the injection locked oscillator. 
Experiments were made to test the modulation of the oscillator. A 2 MHz 
bandwidth (deviation) signal is injected into the oscillator. The output spectrum is the 
same as the spectrum of the signal source. 
4.2.2 Local Oscillator Consideration 
One of the advantages of the transceiver is that the oscillator can serve as 
transmitter and as Local Oscillator in receiving cycle. In receiving cycle, the oscillator 
is also locked by the signal source. The frequency of the signal source is arbitrarily set 
by the system. It is dependent on the IF receiver that has a fixed operating frequency. 
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4.2.3 Bias Consideration 
There are two main points in biasing the circuit. First, the power supply is fed 
through the non-radiating edge of the antenna. This bias is isolated by X|A 
transmission line. Although the radiating edge is not at the bias DC bias point, it is 
necessary to isolate the DC bias and the antenna. With this bias transmission line the 
antenna is supposed to be free to radiate EM wave at both axes. 
The DC voltage is constant every on the patch antenna, we can tap the bias 
resistor anywhere at the edge of the patch. The value of the resistor is usually at the 
value above 10K ohm, the blocking inductor is not used in this ease. The value of the 
bias resistor affect the radiative harmonics and power output of the antenna. We 
performed an experiment to measure the power output. Table 4.1a shows the output 
power spectrum at several frequencies. The testing voltage start from 3V and the 
maximum voltage limited to 6V which is the usual voltage supply range. 
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The resistor value starts from 15 K ohm, the circuit failed to operate at 
resistance below 15 Kohm. The output radiative power level is highest at resistance of 
18 Kohm. Which is even better than using 15 Kohm even through the current level is 
higher. In the spectrum point of view, the harmonics power level should be as low as 
possible. In the table, at a supply voltage of 5V，the power level at fundamental 
frequency increases as the bias current increases for resistance higher than 18 Kohm. 
The output power drops as the resistance less than 18kohm, but the output power is 
monotonic whatever the resistance is. So the optimal value of the bias resistor 
connected from collector to base is 18kohm. 
4.2.4 Active Down-converting Mixer 
The circuit is divided into two parts: (i) active antenna injection locked 
oscillator [1,3], (ii) active mixer. During the transmit time slot, the injection signal 
that contains modulated information is injected into the BJT oscillator. The antenna 
then radiates the locked signal energy out. During the receive time slot, the same 
injection signal, now without the modulated information, is again injected to the BJT 
oscillator. Only that this time the locked signal acts as the local oscillator for the 
mixing of the incoming signal. The local oscillator and the incoming signal are mixed 
at the FET which produces the IF signal entering the buffer BJT. After that the signal 
can be demodulated using any common demodulation chip. 
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At the injection locked oscillator circuit, the antenna acts as a resonating port, 
the equivalent circuit can be found from [3]. A Siemens BJT BRF193 in common 
base configuration is used as the active device. The patch is fed into the collector of 
the BJT. The dimensions of the patch antenna is 1.384 cm squared. The feeding point 
is at the center of one radiating edge of the antenna. The fx unity gain of the transistor 
is up to 8GHz. To avoid causing any loading effect to the oscillation, the biasing point 
is placed at the non-radiating edge of the antenna. Radiation from the patch is linearly 
polarized. The oscillator drains about 17 mA current at 5V and the radiated power is -
22 dBm measured at 0.4 m distance using an HP 11966E receiving hom. At the 
active mixing port, a dual gate FET is placed at the center of the edge opposite to the 
injection locked oscillator where maximum voltage can be delivered to the gates of 
the FET. The DGFET is a Siemens product with maximum gate capacitance below 
0.8 pF. The drain of the FET is connected to an IF tank circuit and a buffer transistor. 
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4.2.5 Mode 2 injection Mixing 
In chapter 3, the high conversion gain is achieved by injecting the signal at the 
edge ofthe injection locking bandwidth. In this chapter, oscillator is fully locked by 
the injection-locking source. Here we define this mixing as mode 2 mixing. The 
advantage ofMode 2 mixing is that the operating bandwidth is wide than mode 1 but 
with lower conversion gain. In real situation, mixing mode should be chosen 
accordingly depending on the system requirement. 
H H I ^ ^ H Antenna Design ^^^^^^Hg||^^^^^^H' • • 
4.3.1 Antenna Choice ^ ^ M ^ B ^ J 
Figure 4.2 shows the basic schematic of the ^ ^ H ^ ^ ^ ^ H： 
antenna. The center-slotted patch antenna [15] ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ H 
has the property of bandwidth, good ^ ^ ^ ^ ^ ^ ^ H ^ ^ ^ ^ ^ ^ ^ ^ | 
radiation efficiency, high gain and good front-to-
Figure 4.3 back ratio. The shape of the slot is not limited to 
a simple stripe as shown here. Other shapes, such as U and H, have been proposed 
before. 
4.3.1 FDTD Characterization 
The antenna was first designed using basic patch antenna technique where the 
operating frequency, bandwidth, etc. were chosen. Low cost FR-4 circuit board was 
used. The thickness was 2.3 mm for larger bandwidth. For the position of the active 
oscillating BJT at the antenna, one should note that the BJT is a negative resistance 
device here. The exact input impedance looking into the antenna must be matched to 
this negative resistance. For the position and the attachment point of the bias line，in 
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general it should be connected to the antenna along the non-radiating edge. For the 
attachment point of the Dual Gate FET, one should note that the FET is a 
tranconductance device with output sink current controlled by the voltage at the gates. 
Therefore the gate should be attached to the maximum voltage point of the antenna. 
To analyze the antenna, Finite Difference Time Domain (FDTD) method using 
Perfectly Matched Layer (PML) [16] was employed to simulate the response of the 
antenna due to a sinusoidal source. The standing wave magnitude due to this source, 
after 5000 time steps, was calculated. This x and y polarized steady state standing 
wave magnitude of the antenna near field are shown in Figures 3 and 4. It shows the 
strong co-polarized field concentration at the radiating edges and center slot of the 
antenna. The cross-polarized fields on the two non-radiating edges have opposite 
direction and tend to cancel each other in the far field. Likewise the cross-polarized 
fields on the two sides>of the feed line would cancel each other in the far field. The 
cross-polarized field plot is useful for the purpose of choosing the besf tapping point 
for the DC bias line. The co-polarized field plot is useful for the purpose of choosing 
the best tapping point for the active circuits. 
Figure 4.5 Ey (co-polarization) 
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Figure 4.4 Ex (cross-polarization) 
4A Integration 
4.4.1 Matching Techniques 
To design the active antenna such that the oscillation frequency and 
•. . • • 
polarization are within the desired specification, it is necessary to tune and control the 
following parameters: 
(i) The position of the active oscillating BJT at the antenna. One should note that the 
BJT is a negative resistance device here. The exact input impedance looking into 
the antenna must be matched to this negative resistance. 
(ii) The position and the attachment point of the bias line. In general it should be 
connected to the antenna along the non-radiating edge. 
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(iii) The attachment point ofthe Dual Gate FET. One should note that the FET is a 
transconductance device with output sink current controlled by the voltage at the 
gates. Therefore the gate should be attached to the maximum voltage point ofthe 
antenna. 
^ ^ ^ 1 B i H 
Figure 4.6 Photograph ofthe testing circuit 
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4,5 INJECTIONLOCKED OSCILLATOR 
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The harmonics of the local oscillator were , 
- 2 0 -
g , r - "^^ "““ " * ^ “ ^ ^ | - ^ F u n d 
’ optimized by tuning the bias voltage and the value ! -ao - 二二 
0. ^ “ 
秦-ofthe resistor R1. Figure 4.7 shows the harmonic .soJ"^ "^^""""^"-""""^*-^"""===：=：：：：^  -60 i- * level as a function of the bias voltage. The local «^ «^^« 
oscillator started oscillation when the impedance Figure 4.7 
Harmonics vs bias Voltage -22k 
ofthe antenna was conjugate matched to the active � j ^ ； ； 
-10-
device. To reduce the harmonics, it was necessary 备 ^ _ _ _ _ _ _ _ 
-30 ^ j _ _ _ _ i I ^^“^ —R<nd 
to adjust the bias current or power supply voltage | : _^ ^^ ^^ =^^ =^  丨=二1 
-eo. X ^ 
such that the oscillation port fulfilled the Hopf _^  么 
-80^_ -^  
bifurcation [17] requirement. That means the “一 
voltage and current at the oscillating port was Figure 4.8 
always normal to each other. On the other hand, the magnitude of oscillation must be 
well within the range such that the Hopfbifurcation was valid. Li the experiment, we 
found that the harmonics level was low when the supply voltage was 2.0V. Figure 4.8 
shows the harmonic level as a function of the resistor value R1. 
4.5.1 Active Mixer Optimization 
The mixer output went through a tank circuit and was matched to the JF buffer 
amplifier Q3. The resonance and matching was located at collector Drain of Q2, L2 
and C7. To deliver maximum power to the buffer amplifier, it was necessary to match 
the impedance of the tank circuit to the buffer amplifier impedance. The noise figure 
ofthe DG FET was as low as 0.8 dB and is excellent for amplification. The received 
R0 
signal mixed with the local oscillator and the wanted IF signal passed through the tank 
circuit. The selected IF signal was then amplified by Q3. The impedance of the gates 
was very high. The capacitance of the gates was small (0.8pF) and the DC impedance 
very large so that we could ignore the effect of the mixer transistor on the injection 
locked oscillator (part i) in terms of loading. High conversion gain could be obtained 
if the standing wave peaked at the gates. Note that the point where the mixer directly 
tapped the signal from the antenna was best chosen using FDTD to locate the 
maximum voltage point. 
4,6 Simulation using Extended FTDT 
To see the near field pattern with the active circuit attached, we make use of 
Extended FDTD simulation. 
All the components were included in the FDTD lattice and they follow 
Thevien Theroem. We extract the near field co-polarization pattern and the result is 
shows in this Figure 4.9. The co-polarization field strength above the slot has higher 
magnitude than the field strength at the edge of the antenna. This strong field strength 
above the slot contributes to the radiating efficiency of the antenna. As I state 
previously, one of the functions of the slot is to increase efficiency of the antenna. 
From the near field plot of the antenna, we also observed that the field strength 
at the collector is very strong. 
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standing Wave Magnitude Plot 
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Figure 4.9 co-polarization field strength 
4JDiscussion 
Regarding the performance of the transceiver, the transmission power of the 
antenna is enough for normal application. One of the most important issues is the 
stability of the transceiver, that is, the environment effect to the antenna. However, 
from the data that shows the stability, we found that the stability is good if injection 
power more than -5 dBm is injected into the oscillator. So the stability from will not 
come up if adequate is injected to the mixer. 
4,8 Summary 
In this chapter, mode 2 operation mixer is implemented. The performances of 
the mixer are evaluated. The radiative sensitivity is 49 dBuV/m. The radiative power 
of-16 dBm is recorded at a distance of 30 cm. Front to back ratio is 11.5 dB. The 
shortcoming of the mixer is the poor sensitivity ofthe mixer. 
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Chapter 5: Injection Locked System 
5J Introduction 
. In chapter 4, the core ofthe transceiver is completed. In this chapter, we try to 
assemble the whole system of the mixer. A PLL synthesizer is used instead of the 
signal generator. The down converted signal is demodulated through a commercial 
available JF chip. Figure 5.1 shows the injection locked circuit system. 
Figure 5.1 Photograph of the experimental circuit 
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5.2 System Requirement 
In the previous chapter, an injection locked transceiver was built and the 
performance was evaluated. In order to test the function of the transceiver. It is 
’ necessary to build a prototype to further evaluate its performance. 
(^^^ ~C^ )^^~" PLL 
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Figure 5.2 Configuration of the transceiver system 
5.3 System Architecture 
The core of the transceiver is the same as in chapter 4. Li this chapter, we 
added the signal source, JF system and MCU to form a complete transceiver. Listead 
of using a signal generator, we build a stable signal source using a PLL synthesizer. In 
the real circuit, a direct digital synthesis integrated circuit will be used instead. 
4^ 
Figure 5.2 is the system block diagram. The function of the MCU is for 
controlling the PLL synthesizer. The are three pins at the PLL chip, CLK, DATA, 
ENABLE that must be connected to the MCU. The MCU sends the programmable 
divider ratio to the PLL serial register, which is responsible for multiplying the 
reference frequency. The PLL is used to controlling the VCO frequency. 
The frequency of the VCO can be calculated by using two modulus prescaler 
relation (with the PLL is two modulus) [18 . 
Nx 二 N . P + A， 
where N is the Most Significant Bit (MSB) of the Divider A is the 
Least Significant Bit (LSB) of the divider. 
The output locked frequency is /out = Nx . /ref = N . P . /ref + A � / r e f . A 12 
MHz crystal was used, and the reference divider was set to 1200 so that the reference 
frequency is 10 kHz. In the synthesizer, the VCO operates at 500 MHz and the 2"^  
harmonics is chosen as the injection signal. The 2"^  harmonics is selected by proper 
matching between stages of amplifier. 
Modulation of the VCO happens also at the varactor. The modulation of the 
injection oscillator is the same as the injection source as long as the injection 
frequency is within the locking range of the ILO. 
The transceiver is a TDD system. In the transmit cycle, the injection source is 
the modulator. In the receive cycle, the injection source is served as the local 
oscillator. 
Within the receiving cycle, the signal in the air is captured by the slotted 
antenna and being mixed with the LO signal at the dual gate FET. The resultant IF 
signal is then selected and couple to the IF receiver MC3371. 
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5.3.1 Sub-system Choices 
There is a wide range of components that can be chosen from the market. Our 
focus in the system is the active transceiver, so the criteria of choice is that the 
performance of the sub-system must be better than that of the anterma transceiver. 
Fortunately, the sub-systems we needed here are well established and are available 
easily. 
^ ^ ^ ^ H 
i ^ H i ^ ^ ^ H I 
Figure 5.3 PLL circuit 
OS 
5.3.2 Frequency Synthesizer 
The PLL used in this circuit is M64082AGP from Mitsubishi which is a dual 
t 
PLL chip and each PLL can operate up to 550MHz [18]. 
’ The VCO is controlled by the PLL through a loop filter. The loop filter used 
here is a V^  order filter. The lock time is approximately 20 ms. 
Figure 5.4 Oscillator circuit with loop filter 
5.3 • 3 Active Transceiver 
The active antenna used here is the transceiver investigated in chapter 4. The 
signal source used in last chapter is a commercial product. In the experiment, a 
synthesizer is used. 
Cif> 
5.3.4 W System 
The IF chip we use here is MC3371 from Motorola. MC 3371 is a dual 
conversion chip that has been popular for more than 10 years. It was used in most of 
, the narrow band communication device, such as walkie talkie, amateur radio station, 
cordless phone, etc. The 1''正 was usually at 10.7 MHz, and the 2^ ^ IF is at 455kHz. 
The bandwidth is usually at +/- 7.5kHz that depends on the bandwidth of the 455kHz 
ceramic filter. This chip provides RSSI (Receive Signal Strength Micator) for both 
AGC and power level indication. 
^ ^ ^ ^ H H H ^ B 
^ ^ ^ m ^ ^ ^ H | 
m m y m ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ i ^ Q i ^ m i ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ i y ^ Q ^ ^ ^ ^ ^ n 
| ^ H ^ H H 
Figure 5.5 JF receiver 
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5,4 System Performance 
5.4.1 Stability 
, As mentioned earlier, the antenna was one of oscillating element and it will be 
affected by the environment. From Table 5.1，it is known that the minimum input 
power that can lock the oscillator is -25 dBm. For practical usage, the antenna should 
be keep in a case with the antenna enclose within the case such that there is at least 2 
cm clearance with the case. 
Injection Distance Distance when metal 
Power when human unlocks the oscillator 
hand unlocks 
the oscillator 
"^25"dBm “ 13 cm 22.5 cm — 
-20 dBm — 9 cm 13 cm ~ ~ ~ ~ 
~ 15 dBm — 5 cm ~ ~ " 6.5 cm 
-10dBm ~ 3 cm ~~ 5.5 cm “ ~"~^"~~~ 
- 5 dBm — 2 cm 3.5 cm 
0 dBm 0 cm、 2 cm 
Table 5.1 Reiation of injection power and unlock distance 
In this experiment, we placed the antenna above an insulator such that there is 
no metal within 1 meter. A spectrum analyser was placed at 1 meter away to monitor 
the spectrum of the wave radiated from the patch. The device is placed at 1 meter 
above ground level. The set up emulates the environment that a normal consumer 
product will be placed at. 
The injection power increased from -25 dBm. From Table 5.1，it was found 
that the minimum clearance distance for a human body and metal obstacle are 13 cm 
and 25 cm respectively, which stated that the metal affect the antenna more, as 
expected. For stability consideration, it is necessary to choose the larger minimum 
distance to avoid the unlocking of the oscillator. 
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As the input power increases, the minimum unlocking distance requirement 
decreases. From table 5.1, it was found that the unlocking clearance distance 
decreased to 2 cm as the injection increased to 0 dBm. 
In applying the antenna to any wireless communication products, it is 
necessary to keep the antenna within the cabinet with 2 cm clearance. 
C : r 7 
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Figure 5.6 Practical application method of the antenna 
0 0 
5.4.2 Field pattem of the antenna 
The field pattem is measured using a compact range chamber to measure the 
far field pattem of the antenna. The data were extracted using VEE through Network 
� Analyser HP-8510C. Figure 5.7 shows the co-polarization field pattem at the 
horizontal direction. E-plane and H-plane were measured and the beam width of the 
antenna is found to be 120�degree. The front to back ratio is 11.5 dB. 
E and H Plane Radiation 
-30 
_32 _ _ — ~ ~ ~ ~ / ^ ^ ^ ^ ^ 
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I -38 f j - ^ v ^ ^ l — EPIanel 
5 L y N ^ ——H Plane 
1 ¾ ¾ 
_48 ^ 
45 95 145 195 245 295 
Angle/Degree 
Figure 5.7 Radiating field pattem at different polarization 
With this front to back ratio, the antenna can be applied to handheld device 
such as GSM phone to provide good radiation shield to the user. 
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5.4.3 Locking Bandwidth versus Mjection Power 
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Figure 5.8 Lijection power versus locking range 
Figure 5.8 shows the relation between the injection power. The locking 
bandwidth determines the no of channels that can be used by a system. In practical 
application, the bandwidth requirement for the digital communication is around 30 
MHz The bandwidth for narrow band duplex communication system is around 2 to 5 
MHz. As predicted by the equation 3.23b, the locking bandwidth is proportional to the 
injection power. Figure 4.9 shows that the relation holds for injection power less then 
OdBm. 
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5.4.4 Radiative Sensitivity and Image Selectivity 
. . g . g j ^ _ ^ _ ^ ^ ^ ^ ^ ^ ^ ^ 
,、邵、叨——’1’棚广細 : 5 ] ^讽【 |——一一 
‘ - ^ j y : R p - - ^ ^ p p ^ -
— — � $ j ^ � U g ^ G i g T G � 6 i , ^ e receiver at fwo image frequency 
Using a calibrated antenna, the measured radiative sensitivity is 50.5 dB^iV/M 
and 49.0 dB^iVAl at high-side mixing and low-side mixing. Sensitivity need to be 
improved to better than 40 dB^iV/m by improving the antenna matching. 
Since low-side and high-side sensitivities are the same, there is no image 
rejection in this device. The solution will be given in chapter 5，where the problem of 
image selectivity is overcome by mean of modulation scheme. 
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5.4.5 Intermodulation 
Usually, the non-linearity of the receiver is determined by the LNA (Low 
Noise Amplifier) in traditional System. The usual method is to measure the IP3 of a 
system. However, it is not possible to measure the IP3 for the mixer at the Ifout port. 
Here we have to employ a popular method in industry. 
F = ^ " ^ I V x g ^ I 1 ^ 
Signal Generator I 广 “ ^ 
^ ^ ^ ^ 二 々 
Signal Generator II 
L O 
Figure 5.9 Testing configuration of the receiver 
The test was held radiatively. Two signal generator were used, one with 
desired signal at frequency fi = 1395 MHz 2.5kHz deviation with lk modulation rate. 
One with frequency difference of k times of channel spacing but with no modulation. 
Both signals have to be calibrated. The signal level of the generators were recorded 
such that these signal indicated the lowest power level such that the SINAD at the 
receiver is 20 dB with CCITT audio filter. The normalized power level is used latter 
on. With signal generator I broadcast at frequency 1395 MHz and signal generator II 
broadcast at frequency f2 = 1395 MHz + k Af. The receiver is set to receive the 
frequency of f3 = 1395 + 2 * k * Af. Both signals receive by the active antenna and 
inter-modulations are generated. The inter-modulation is defined by: 
Interm(dB) = {power _ / 1 - power _ / 2 ) / 2 
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Where power_fl and power_f2 are the power levels such that the receiver at 
f3 demodulated a signal with 20 dB SINAD. 
In the experiment, the IF frequency chosen to be at 10.7 MHz, which is the 
normal IF frequency that most of the system in the world are now using. The injection 
frequency is at 1395 MHz, and the RF receiving frequency at 1384.3 MHz. Two set of 
combination was tested. RF frequencies with spacing of one channel spacing and two 
channel spacing was measured. The measurements took place at (i) centre of the 
locking bandwidth, Table 5.3，(ii) at the edge of the injection locked bandwidth. 
Locked Frequency = 1395 MHz | Freerunning = 1394.5 MHz[ 
百戶„^ ^^ ^^雨;‘.可贩召.‘涵^.— ..口万〒而 I 
_"""_• j 
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. — — — - : j ^ T ^ - ^ j ; . ^ - 2fi""-¥^ ^^ ^^ ^^  ...‘............’.‘—‘...“"... ‘， 
."•.......=:.--.fo+"Afo......'.'..�[7555—5〒:琶=^|互^^^^ ^— 
.~ . ' . ‘ -—fo^Sfo'"". . . . . .“ . . . . . fo- 'SSo". . . . . .冗:!=:|發:至=二 ,..,„.,„,„.„.—._ 
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Table 5.3 Interaiodulation at centre of locking range 
Intqm^dulationatlockipg"；^^ “ “ "“ [ 
. .^^^^.„^^^^^ = 1405 MHz ....E?£iH5!0§LiLi^^—z 1 
^ f ! ^ ^ o s ! M Z ^ ^ l M 
_^  — fi^ f2 intermodulation i ._.二—.^^„^^^„飞;。^ . . . . , • • — — • • " ‘ • • ‘ • • • • - g . . g ^ - • . . . . . ]~ ‘ 
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Table 5.4 Intermodulation at locking edge 
From the experiment result above, we found that the intermodulation product 
is around 30 dB. The intermodulation product is not related to the frequency of 
operation within the locking bandwidth. The flat response indicated that the 
intermodulation is constant within the locking bandwidth. 
Inter-modulation has still to be improved to 40 dB for USA and 50 dB for 
Europe by improving the linearity of the mixer circuit. 
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5.4.6 Output Power vs Injection Frequency 
The radiative power of the antenna was measured at the injection locked state. 
Free running signal level was not recorded. We have almost flat output power as a 
function of injection frequency and power. The output power response is flat. Figure 
5.10 shows the results. Note that the amplitude increases as the frequency increase 
from 1387 MHz to 1401 MHz. The center frequency of this antenna is around 1401 
MHz. 
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5.4.7 IF Output Vs Frequency 
The IF is highest at the center of the locking range. The RF signal level with 
L0 power o f -5 dBm and IF frequency of 10.7MHz. The testing distance is fixed at 1 
meter between the signal source and the patch antenna. Figure 5.11 shows the result 
of the experiment. 
Gain vs Frequency 
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Figure 5.11 
In Figure 5.11, it was found that the conversion gain decrease as the frequency 
is shifted to higher frequency such that the distance between the free running 
frequency increase. This result is expected as we increase the operating frequency and 
move away from the margin of the locking edge. 
舰 
5.4.8 W Output vs DC Supply 
The receiving power increases as the supply increase. The conversion gain is 
“ 15 dB at VCC=-2.7V. In this case, the operation voltage must be carefully chosen 
such that suitable conversion gain is obtained for a particular system. 2.7 V operating 
voltage is normal voltage for a battery driven device. 
Received IF Power level vs DC Supply 
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Figure 5.12 
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5.4,9 Output Power 
Using injection power of—15 dBm, the radiative power is measured. Figure 
， 5.13 shows the response ofthe receiver. The response is almost flat within the locking 
range. 
Output Power/dBm 
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5.4.10 Type Approval Consideration 
Different countries have their own regulation. United States has FCC 
regulation for most ofthe wireless equipment. Spain has her own approval regulation. 
Almost all countries have their own specification. Here we can investigate the basic 
approval conditions ofUnited States FCC regulation in which the specification is not 
so tight. 
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Following are some specifications that are necessary for the operation of a 
basic communication device: 
(i) ist IF Image frequency selectivity -- more than 40 dB 
(ii) 2"d IF Image frequency selectivity -- more than 40 dB 
(iii) Adjacent channel selectivity -- more than 40 dB 
(iv) Sensitivity limit -- 40 dBuV/m 
(v) Radiation power limit — 0 dBm 
Assume that we test the transceiver using the configuration in chapter 4. The 
performance of the transceiver is as follow: 
(i) Image frequency of 1'^  IF selectivity -- 0 dB，no selectivity 
(ii) Image frequency of 2"^  IF selectivity -- 45 dB 
(iii) Sensitivity limit - 50 dBuV/m 
(iv) Radiation power ~ -5 dBm 
From the performance above, we can see that the r^ IF selectivity and 
sensitivity does not pass the approval limit of the FCC regulation, especially the r^ 




L 0 freq 
，^  Desired signal • Image Frequency 
Filter attenuation ^ ^ ^ ^^ ^ 
~"^~~ I~~——i \——‘ • f 
H N 
Pass band of Filter 
Figure 5.14 Traditional approach in image rejection 
In traditional filter approach, the image selectivity is : 
Image rejection (dB) = Filter attenuation — co-channel selectivity (dB) 
However in the new approach, the signals that are at a distance of one 1^^ IF 
can be received by the active transceiver. 
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Figure 5.15 Image frequency position 
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In order to overcome the selectivity problem, a new modulation approach can 
be used. Since there is no image rejection, the only solution is to regard the image 
frequency as a useful signal that contain the same signal contain but with conjugate 
phase relation. With two side band in conjugate pair, the two signals will become the 
desired siganl after superheterodyne mixing. At the transmitter side, it is also 
necessary to mix the modulation IF signal with the TX carrier such that Double Side 
Band signal is obtained. 
Tx signal = carrier + upper sideband + lower sideband 
=fo + Ao cos(o)t + g') + Ao sin(o)t + 专，，） 
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5.4.11 Manufacturability consideration 
The most important issue of this active transceiver is the stability of this 
device. From the result in Section 5.4.1，5.4.3，It is known that there are two 
parameters that affect the manufacturability of the transceiver, (i) the locking range of 
the injection lock oscillator, (ii) the effect of human interaction on the locking 
stability. 
As the locking bandwidth of the oscillator increase as the injection power 
increase, it is necessary to set the injection power level to a level so that the above two 
weakness as will not appear in the device. The human interaction can be eliminated 
by installing the antenna within a plastic box so the external loading cannot unlock the 
injection lock oscillator. 
For actual design, one may set the injection power to 0 dBm such that external 
loading can not unlock the oscillator within 2cm, and the clearance between the 
antenna and the case is more than 2cm. 
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Chapter 6: Summary and Conclusion 
6.1 Summary and Contribution 
In Chapter Two, the theory of FDTD and circuit analysis is introduced. The 
basic architecture of mixer, injection locking, oscillator and the FDTD simulation 
tools were explained. In Chapter Three, the Mode 1 regenerative mixer is designed 
using MDS. Simulation result was compared with experimental result. In Chapter 
Four, a Mode 2 active antenna transceiver was developed with the help of Extended 
FDTD Simulation tools. Finally, in Chapter Five, an Active Antenna Transceiver 
System was developed based on the circuit in Chapter Four. 
In this research, three circuits (regenerative mixer, active antenna transceiver, 
active antenna transceiver system) were built and the characteristics of these circuits 
were measmred and simulated. The major achievement in this research is a theoretical 
and empirical understanding of the operation mechanism of injection mixing circuits. 
For example，in Chapter Three, the high conversion mechanism is understood through 
a Transient simulation. The conversion gain of the circuit can be varied by modifying 
the feedback capacitor of the regenerative mixer. In Chapter Four, Mode 2 mixing is 
applied to an active antenna and the design criteria for such mixing were set up. Using 
the simulation result and the criteria, an active injection-locking transceiver is 
sucessfully designed and implemented. In Chapter five, using the result obtained 
from Chapter Four, a complete system was designed and fabricated. Results in real 
operation show the system to be fairly resistant to disturbance, which is good news 
indeed. 
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6.2 Future Work 
A pair of injection locked active transceivers can serve as an economic 
wireless connection between two systems. It is a low cost, low power device for 
transceiving digital signal. This device can be applied to computer peripherals 
(mouse, keyboard, modem, etc). 
The application of single active transceiver is not limited to point to point 
communications. The use of several active transceiving provides more freedom in 
terms of beam forming and beam pointing actions. The injection lock oscillator has a 
very special characteristics where there is a special phase relationship between the 
injection lock signal and the injection source: 
o = k * (f - f ) 
ILO V J injection J natural _Frequency / 
As the phase of the radiated signal from the antennae is a function of the 
difference between the injection frequency and the natural frequencies of the antenna 
elements, the beam of an active transceiving antennae array can be steered by fine 
tuning the natural frequencies of each element. Using this kind of arrays, 2D, and 
even 3D beam steering can be achieved by using micro-controller, without the heavy 
cost penalty of traditional ferrite phase shifter. 
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